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FOREWORD

The preper statistical analysis of rate data necess..ates tedious and

often complex calculations involving numerous data points. These manipu-

latioas can now be carried out easily and rapidly oy digital computers.

The programs presented here make it practical to carry out the sta-
tistical analysis of kinetic data as routine part of a laboratory program,
permitting a more complete evaluation of essential chemical >roperties. The
programming was prepared and utilized in the investigation of compounds for

use in the eye protection program. The work was performed in the Flame and

Thexmal Protection Section of the Chemical Modification of Textiles Branch
of the Clothing and Personal Life Support Equipment Laboratory under Evalua-

tion of Chemicals for Optical Shutters - Flashblindness Protection Project

1J662708DJ40-30. Most of the work was carried out in the period April to

July 1971.
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1, INTRODUCTIGN

The rates of chemical reactions and the factors upon which they de-
pend are studied quantitatively using the techniques of chemical kinetics.
l.aboratory studies of the effects of ccncentration, temperature, and pres-
sure on reaction rates may lead to conclusions having practical applica-
tions or, once relatioanships between velocities of reactions and various
cortrolling tactors have been determined, more fundamental conclusions
about reaction mechanisas may be arrived at by interpretation of the em-
pirical laws observed in the laboratory.

In our investigation of the txriarylmethane leuconitrile. for use in
nuclear flashblindness protection devices, it is necessary to determine the
kinetics of the fading reaction of the leuconitriles. Once we know these
rates and the factors affecting them a system which returns to the desired
degree of transparency in an optimum period of time can be designed.

This report concerns the application of computer techniques to prob-
lems of chemical kinetics, that is, to elucidate the mechanisms of simple
irreverszible chemical reactions., Programs which are presently available for
evaluation of kinetic data are generally of two types. The first type in-
cludes those thai use the simplest least squares aralysis and/or are ap-
plicable only to simple trestricted r.:a'ses.l'/+ Al though some of these pro-
grams use advanced statistical methods, each of them is applicable only
to chemical mechanisms of one specific type (i.e., order).5 At the other

extreme the second type uses very sophisticated statistical methods which
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can treat even data from-complex reactiors (i.e., reactions whose me:hanisms
involve more than one pathway from reactant to product, and in some cases
involve steady state intermediates and equilibria). The latter type
eveluates the non-linesr equations involved in complex reactions by iterative .
methods, which necessitate the use of large, high speed com.puters.6'8

The programs presented here fill the gap that we feel exists between
the two above-mentioned types of programs. They provide programming whose
logic is readily understandable to the chemist who will be using them, and
whose simplicity results in reduced machine code, core, and time. They
establish the rate constanuts &nd order for irreversible reactions of kuown
stoichiometry, such as the triarylmethane ion reaction, with little or no
restriction on reaction order.

To present the programs a brief description of chemical kinetics and
its terminology is givern as background.9 Then the programs written specifi-
cally for our work with the fading rates of UV activated photochromic triaryl-
methane leuconitriles, but applicable to most kinetic problems, can be dis-
cussed,
2. DISCUSSINN

a. Definitions

The rate of a reaction is expressed in terms of the amount of any
reactant or product of the reaction., It is usually expressed as change
in amounrt, i.e., coucentration or pressure, per unit time. Rates in sclu-

tion are exnressed &s moles liter~! sec'1 or moles cc”l sec"l.

The rate constant(k), which is also known as the specific rate and

as the rate coefficiernt, is equivalent to reuction rate when the reactants




are present at unit concentrations. The rate constant is a function of tem-
perature, pressure, and the composition ¢f the reactant mixture, and, there-
fore, indirectly a function of time. In stating a rate or rate constant

it is necessary to express not only the concentration units, but also,

the substance, the reactant or product, to which the rate refers.

The order of a reaction indicates the manner in which the reaction
rate varies with the concentrations of the reacting substances. The order
is found experimentally by deternining the prcportionality between the rate
and the power of the concertration of each reactant. The overall reaction
order is the sum of the powers of all the reactant concentrations which in-
fluence the rate.

Thus, for a reaction of the following stoichiometry

mA + nb—>»sC

we see the rate can be expressed by the changes in concentration:

(concyp) = -1 d(concy) =1 d(concg)
t

=-1d
md n dt s dt

(1)

or

v=%k (concA)a (concB)b (concc)c = kp (concA)a kg (concB)b ke (concc)c (z

where k = rate conrstant
v = rate
order of reaction =a +b + ¢

This equation (eq. 2) is the rate law for this particiLlar reaction. In
general, the form of the rate law is determined by experiment and cannot be
predicted from the stoichiometric equation for the overall reaction. Usually

reactions occur by complex mecharnisms which lead to kiretic laws completely
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different from the stoichiometry. However, in the usual case wnere & re-
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action occurs in a single step, there is generally & relation between order

and scoichiometry.

n

{ b. The Method of Integration

N T8 A G T P T DL

The rate »f a chemical reaction is usually not measured directly,
instead, the change in concentration of one of the reactants or products is
determined as a function of time. The most widely employed method of de-
termining the reaction order and rate, the method of integration, can then be

applied.

¢TI DN N O Sy S

The rate of a reaction may be related to the concentration of one

S

reactant by holding all other concentrations constant. The constant k then
includes these other concentrations, and equation {2) becomes:

v =k (conc)” (3)

where v = rate observed
k = rate constant
n = order (with respect to one reactant)

1f for ease of integratiom, concentration is expressed as ag™X

(where ag is the initial concentration and x is the amount of a reactant

consumed in time t), the integrated form shown in Table 1 of the rate
equations for different orders can be found.

The reaction order is determined in this method by comparison of
the experimental results with the results calculated for the integrated rate

; equations for reactions of different orders. 1f, as determined by trial and
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error, the kinetin data "fits" one of these integrated equaticas, (i.e.,
matches a calculated curve closely), it is concluded that the equation

. chosen is applicable. The rate constant, k, is obtained for this order re-
ection, usually by put:ing the integrated rate equation into such a form that

a linear plot, time versus some measure of corcentration (see Table I,

column 3), is obtained. The fact that this second plot is linear is a fur-
ther indication of a good fit, and the slope (k) can be found by the method
of least squares,

The method of integratior has two faults: (1) the results are con-
strained to fit the best integral-order law of those considered, even if
there might be a better fit with some other order and (2) the reaction is
characterized according to the way the concentration of one reactent or product
varies with time. This techrique may lead to misleading conclusions about
the way the rate varies with the concentration of the other reactants
present in the system.

¢, The Method of Differentiation

The differential method is used to measure the true order and the
initial rate without any preconditioms. ¥From these one ran determine the
absolute rate corstani,

The differential mettwd is based on the fact that equation {(3) can
also be expressed in logarithmic terms:

log v = log k + n log ¢ (4)

Fecr a curve showing the variation of one reactant with time, the

N T TR

slope at any given time and corcentration is the reaction velocity at ihat
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% point. Therefore, a double-logarithmic plot of this velocity against con-

: centration should give a straight line whose slope is the order of the re-

{ acteant and whose intercept is the log of the rate for that order reaction.

: The initial rate (i.e., initial slope) of a number of runs with dif-

ferent concentrations of a reactant can be used to give one value for n,

3 ) .
4 cailed the order with respect to concentration (n.), or the true order. Al-

3 ternatively, measurement of the rate at different times (the slopes =t dif-

ferent concentrations) during nne run car be used to give another value for
n, called the order with respect to time (n.). These two orders are not
always the same. An abnormally large difference can mean the reaction is
inhibited (nc<ng) or autocatalytic {nc>ng). Both of these effects are
due to interaction of products with the reactants.

d. The Isolation Method

’f in a reaction system all the reactants but one are present in
large excess, the apparent order of the reaction will be the order with i
respect to the one reactant which is "isolated." This isolated reactant is
a the only one which will change significantly in concentration during the
course of the reactionr. However, as with all these techniques, care should
be taken since a complex reaction mav undergo mechanistic changes influenced

by coucentration changes, and the results may be unreliable. ’
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3, FORTRAN IV PROGRAMMING

a. The Program for the Method of Integration

This program analyzeﬁ the kinetic data (i.e., the time vs. a changing

variable) in four :*eps. The first step, a first order rate detemrmination
by least square linear regression analysis, is.optional; and can be sup-

pressed by use of the proper indicator, This. optional first order rate

.analysis is available and is printed particularly for use in conjunction with

i

the isolation method.

1n the second step of the prog;am,=the rates at varinus times for
all the orderé under study are calcylated in the same'manner, u§ing ex-
pressions such as those found in Table ¥, 'Iables‘are thereby generated for
the rates at diffe;ent stages of the!reacfion assuming,lfor the sake of
trial, that, of the expressions for 0, 1/2, 1, 3/2, 2, end 3 order reactions,
oaly one is valid for the;experimen:él data. From these tables, th; order
whose rates at various times give the lowest c&efficient of‘variénce is
s:lected as the crder.which fits the experimental data.l

In the thi;d step, thelbest orﬁer having been selected, a 1éast
square aralysis is used to determine the rate of the teactionlfor thé
selected order, the slope of the lire being obtained by.plotting'timegagainst
the right side of the;integrated rate expressior. for the seiécted order

1 [ 1 !

31

T=T = =1

(e:8+.5  n-1 |(ag - x) a, where 3 1),
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Finally, if a value for another reactant is introduced, the integrated
rate expression for the reaction (a + b = c)* (a second order mechanism which
is first order in a and b) is treated tabularly and by least square analysis as
described above, to determine this second order rate.,

In this way the program will analyze data (1) to give a first order
rate corstant for one rea-tant for use if desired with the isolation method;
(2) to determine which of the trial orders gives a fit and determine the best
rate for this order) (3) to calculate, if it is desired, a rate for a second

order reaction which is first order in two reactants.

& = kab = k(ag - x) (bo - x)sand kt = __ 1 1In |ag (bo - x)
dt bo - %o Wg—;; (5)

b. The Program for the Method of Differentiation

This program treats the kinetic data in four steps to determine the
order. First, & relation betweer time and concentration is determined either
by linear regressior with transformation of variables (e.g., exponential,
inverse, or semilogarithmic curve fit) or by a third order polynomial re-
gressior, (dodness of fit is evaluated by thke use of standard errors, ard
the equation which gives the best fit for the experimental data is used for
the subsequer.t steps.

This equation is then used in the second step to derive the slope, or

reaction velocity, at various times including the initial time. Linear least

*Where the initial concertrations of a and b are not equal
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squares analysis is carried out on the logarithme of these slopes versus

concentrations at various times. The slope of this regression line gives
the order with respect to time. Next, for any series of runs which differ
only in the concentration of the reactant of interest, the initial slopes
and initial concentrations for the series are treated to determine a value
from the slope of the regression line for the true order n..

Finally, for each of these series, nc and the av.rage value of ng
are compared. If they differ to a significant extent ( > 0.1), the re-
action is labeled either autocatalytic or inhibited, as described on page &
above.

In this way, the programs analyze kinetic data using the three most
common methods of chemical kinetics to determine the order and rate of re-
action, From this analysis one should gain a better undarstanding of the
relation between rate and various other factors of the reaction under study.
This knowledge hopefully would lead to a reaction mechanism which will be of

practical value in connection with technical problems.,

4, P:IGRAM LIMITATIONS

The two orograms ate desigried (essentially) to treat the same set of
input data. The input consists of a variable (such as concentration)
measured at diffevent times. A maximum of twenty time and vaiiable data
points can be analyzed. The value of the variable must be greater than zero

and must not exceed nine significanc figures.
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5. INPUT, OUTPUT, AND GLOSSARY OF TERMS

a-

Method nf integration program

Input - from punched cards

1
4o

4.

Number of Runs Card FORMAT(I3)
Column Variable
1-3 NRUNS#*

Run Control Card FORMAT{2I3,6A5)

1-3 N% No. of Points

4-6 N1* Indicator 1 = ON
0 = OFF

7-36 CPD (II), ITI = 1,6 Run Name

Data Cards FORMAT (8F20.4)

1-20,21-40,21-60,etc. TI» .I), IT=1,N

1-20,21-40,41-60,etc, AITA(II), II = 1,N

Conzentration of Second Reactant FORMAT (F20.4)

1-20 ro

Output - on prirter

For each set of data the output appears as:
GIVEN THE FOLLOWING XX DATA POINTS FOR
TIME {SE<) VARIABLE

XKKAK XX 40 XXXXEAXX

*Right justified

RN V8 uu&-)ﬂ
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With the N1 indicator on, the program output from the first order kinetic
subroutinre contirues with:
ASSUMING FIRST ORDER KINETICS, THE RATES ARE

XXXXX XX 0. XXXE4XX

MEAN VALUE +0 . XXKXEAXX
USING STRAIGHT LINE CURVE FITTING PROGRAM - RATE IS +0.XXXXE+XX AND INTERCEPT

IS +0s XKXXHEAXK
Tuen at the top of the next page the main program continues:

CONSIDERING THIS ORDER WHICH GIVES THE LOWEST COEFFICIENT OF VARIANCE AS THE

BEST FIT, IT 1S FOUND THAT WITH A STANDARD DEVIATION OF +0.XXXXE#XX AND A
COEFFICIENT OF VARIANCE OF +0.XXXXE+XX THE DATA FITS A

XX ORDER OF RATE EQUATION GIVING A MEAN RATE OF +0.XXXXE+XX FROM -

XXX . XX H0XXXXEAXX

APPLYING A LEAST SQUARES CURVE FIT TO THIS DATA

THE RATE IS +0.XXXXXE+HXX

If none of the integrated rate equations have a reasonable coefficient

of variance (less than 10) the preceding section is replaced by:

THIS DATA IS NOT CONSISTENT WITH ANY OF THE ONE CCMPOUND RATE EQUATIONS.

The output then continues with the rates as calculated from all the integrated

equations:

TIME  ZERO ORDER HALF ORDER  FIRST ORDER /2 ORDER  2ND ORDER  3RD ORDER
XXXKKXX 0. XKKKEHKK  HO.XKKKEXX  +0. KXKEHXX 0. XKXKEHXX 0. XOKXEAKX 0. XXKEHXX

ki
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1f a value for B, was input (B° rot equal 0), then the output from a
second order ‘First in A and B) gives:
{ ALCULATION OF RATE FOR A REACTION FTIRST ORDER IN A AND B WITH AN INITIAL
B OF +).XXXXE+XX

TIME (SEC) VARIABL.E
XXXXX . XX 40 . XXXXE+RX
followed by the Mathpa> FIT SUBROUTINE to give a first degree polynomial
curve fit for a value of the rate .hich is output as:
APPLYING A LEAST SQUARES CURVE FIT TO THIS DATA THE RATE IS +0.XXXXXE4XX
Howevar, if the value input for B, is the same as Ay, the output from this
subtoutine bezomes:
INITIAL A AND B ARE EQUAL -- SEE SETCOND ORDER RATES.

After the last rur. has been prozessed, END OF PROGRAM is typed on the typewriter.

Glossary of Terms

Variable Description
AL,A2,A3,A4,A5 Dummy arrays for MATHPAG/200
SUBROUTINE FIT
ADTACT), T = 1,N Variable data
TIME (7Y, T =1{,N Time data
B) Value of i:itial corcentration of B

k75,1), T =1,N Value of rate casrstants for orders at various times

XX{1), T = 1,N Value of K7 °,I) at XTiME(I)
PD/1) Name of run
R(L), T =1,N Serond order rate values times TIME 1)
L A test value (APTA"T) -~ RO)

ABR A seord order rat= value

12
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Variable Description
AN N
z X XX
. XS Sum of X (XX) values
; SX2 Sum of Values of TIME(I) squared
‘ - SX Sum of values for all XX(I) times TIME(I)
SY Sum of all rates times TIME(I) at various times
S2X SX times SX
SXX X times X summed
AMEAN Mean Average of all first order rates at the

various times

BOT (AN x SX2) - SZX

A Slope of linear curve fit

B Intercept of linear curve fit

NRUNS Number of Runs
3 N Number of Points
§ N1 Indicator to carry out first order linear curve fit
| -
=] I
E KK
‘l.;'
K K
i KL :
5 1
] JJ General Indices :
11 f
2 ]
i J 4

i

13
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Variable Description

SLOF First Order Rate 1<irear Curve Fitting Subroutine

SDEV Stardard Deviation Subroutins

SORD Second Order Rate-determining Subroutine for two
Reactants

QFIT Subroutine to Choose Best Order by Lowest

Coefficient of Variance
b. Method of DNiflerentiation Program.
Irput - from punched cards
1. Number of Concer:rations Card FORMAT (I3)
o Lum Variable

1-3 NCONC*

2, Number of Runs Gard FORMAT {13)

1-3 NRUNS*
3, Run Cortrol Card FORMAT(13,3X,6A5,9X,15)

1-3 NPTS*
6-36 CPD(I), I = 1,6
46~50 INDC*

4, Data Cards FORMAT( 4F 20, &)
1-20, 21- 40, 41-60,ete. TME(I), I = 1,NPTS
1- 20, 21-40, 41-60,etc, ADTA(I), T = 1,NPTS

Qutpur - on printer
As 42 the integratior. method, the run and time versus variable data are
listed. Ther the four ~urve firting subroutires each print the atrempted curve
fit, the best fitting equation for that type, and except in the case of the
polyromial, the equation for the slope, Followirg each equation, a table of the
irput ard the :alculated results from the fitted equation are printed for com-

parisoc,

* Right justified.
14
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AND SLOPE = (10.XXXXEXX) (40.YXXE+XX) TIME

]
The output is: :
INVERSE FUNCTION CURVE FIT
THIS FITS CONC = 1/(40 .XXXXE+XX + +0.XXXXE+XX TIME) AND
-2

SLOPE = - (40 . XXKXXEXX ) (40 XXKXE+XX + +0 .XXKXXE+XXTIME ) 4
and the table: {
TIME VARIABLE CALC. VAR. GALC. SLOPE i
40 JHXXEHXKX 0. XXXEHXX, 40 . XXXKE+XX 40 L XXKYE+HXX j
SE = 10 . XXXXXEAXX 1
EXPONENTIAL CURVE FIT |
(40 XXKKEHXX ) §
THE FIT GIVES +0.XXXXE4XX TIME :
£ |

followed by a table like above.

SEMILOG CURVE FIT
(40 .OUKEHK + 40 .KXXE+XX TIME)
THIS FITS CONC = 10 AND

SRR SRSV SR

SLOPE = (2.303) (CONG) (30 .XXXXE+XX)

followed by a table like above.

il

POLYNOMIAL CURVE FIT

THE COEFFIGIENTS OF THE POLYNOMIAL ARE

é

10 XXXXXE+XX across four times followed by a table as above. 3

THE FIT CLOSEST TD THE DATA IS ; i

If any of the I cst three subroutines give the luwest standard error 1 §
i

they are relisted. If the semilogarithmic gives the best fit, then the %

output is: ;W

W

SEMTLOGARITHMIC GUPVE FIT ]

and continuing in all cases:

AT VR RIS
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I THE DERIVATIVE OF THLIS EQUATION GIVES

i TIMF SLOPE LOG SLOPE LOG VARIABLE
i XXXHX o XXXX 30, XXKEAXX 10 . XXXXE+XX 0L XXEAXX

At this point a polynomial curve fit by the built-in MATHPAC/200 FIT
SUBROUTINE outputs coefficients, variance and standard error for the
lirear regressior fit on the data. The program continues with:

FROM THIS THE ORDER WITH RESFECT TO TIME

i At e s e

N = H) XXXXXE+aX

WITH K

HKKXKKEAKX

1f the time order indicator is on, the program will now print the logarithms
of irnitial concentration and slope:

i CONSIDERING THE XX PREVIOUS RUNS TO CALGCULATE THE TRUE ORDER

VARIABLE INILTIAL SLOPE

10 . XXXKE+HX 0 XXXXEAXX

Agair, the MATHPAQ/200 SUBROUTINE does a« first order fit to the data

printing coeffigients, variange, and standard error. Then the output continues:

FROM THIS THE ORDER WITH RESPECT TO CONCENTRATION
NG = 40, XXKXXE+HXX

WITH K = 40 .XXXKXE1XX

e i A . A A £ i A i TP

JE the value differs by greater than 0.1 from the average N, already

e
cal~ulated for the previous rurs,

4 THE DATA INDICATES THE REACTION TO BE AUTQGATALYTIC {INHIBITED).

i

THE TRUE ORDER 1S +O.XXXXXE+XX

After the last s.. of data has beer processed, END OF PROGRAM i- typed

or the typewtiter,
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Glossary of Terms

Variable

Al,A2,A3,A4,A5

ADTA(T),I = 1,NPTS

TIME (I), I = 1,NPTS

LDATA(I), I = 1,NPTS
LTIME (1), I =1,NPTS
SE(T), I =1,4

X(1), I =1,NPTS
CPD(6)

SLOPE(I), I = 1,NPTS
SIN(30)

CONC(30)

TEST

VAR

DT

NC
NT
NPTS

NRUNS

ks e e D e Sl ot Ji O A i

Description

Dummy Arrays for MATHPAG/200
SUBROUTINE FIT

Variable data

Time data

Logarithm of the variables
Yogarithm of the time
Standard Errors

Calculated Variables

Run Name

Calculated slopes

Logarithms of initial slopes
Logarithms of initial variables
A test value

Variance

i s qm.!-!!\'wx,‘}r

Average value of n; for runs of one concentration

set

Unsubscripted temporary location for TIME (I)

Order with respect to concentration

Order with respect to time

Number of data points in each run

Number of runs at each concentration

Storage for difference between n.

17
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Variable Description
‘ NCONC Number of concentrations to be analyzed
: INDNC Indicator for determination of ng, 0 = off, 1 = on

it ‘
Ip . i

General Indices

IQ

L

POLYN

SEMILG Curve fitting subroutines

INVY

EXPCF

3 ERROR A subroutine to calculate standard error




‘
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TABLE 1

Special Cases of Integrated Rate Equations

Differential Equations Definite Integral

dx =k kt = x
dt
dx =k (g - x)% kt = 2 l}o-%(ao - x)'%]
dt
dx =k (&g - x) kt = In [ao/(ao - x)]
dt
dx = (ag - )()3/2 kt = 2 [(ao - x)% - (ao)%_j
dt
2 =
% =k (a8, - x) kt = x/ [ao (a, - x)]
g=k(ao-x)(bo-x) kt = 1 1nao(,bo"")
dt by - 8, |b, (8, _ x)

kt = 1/2| 285X - x?

dx =k (a_ - x)°

dt

8, (8, - x)?

19
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SFORTRAN ;
A RATE ANO ORDER DETERMINING PRDORAM USING LEAST SQUARE ANALYSIS

OF DATa INPUT CONSISTS OF TIME VS REACTANT CONC»
THIS PROGRAM CAN ALSO CALCULATE RATES OF A REACTIDN FIRST ORDER [N
A AND IN B, THE INITIAL B MUST BE INPUT FOLLOKING THE CHANGE IN A
DATA, .

COMMON A1(8),A2120),A31201,A4120),A5120),1INO,AVG,RI20]

COMMON E
3 OIMENSION K16,201,Xx1201,TIMEL20},ADTAL20L,AVGl6),CPDI6!
E REAL K

CATA K,XX/140%0,.7

1 FDRMAT{213,64A%)
2 FORMAT)4F20,4! 2
3 FORMATI1H1,19HGIVEN THE FOLLOWING,1X,13,1X,19HDATA POINTS FOR/6AS/

N
4 FORMATISX, FHTIMEESEC) 9%, BHVARIABLE/)

%5 FORMAT14X,F8.2,10X,211,4)

6 FDRMATI{K0,16HTHE DATA FITS A ,]2,1X.45HORDER OF RATE EQUATION GIV

4ING A MEAN RATE OF ,E11,4s1%X,5HFRDM«]

7 FORMATI/47HAPPLYING A LEAST SQUARES CURVE FIT TO THIS DATA//12X,12

THTHE RaTe IS ,E12,5)
8 FORMATILM0,61HTHERE ARE TOO FEW DATA PDINTS (LT 6) TO CARRY OUT A

2CURVE F1T/) ) )
9 FOPMATI1HO,66HTHIS UATA S NOT CONSISTENT WItWw ANY OF THE ONE cPoO
ORATE EQUATIONS/) L i

12 FDRMATI1H0,36HLEAST SQUARE FIT TO THE FIRST DEGREE!

14 FDRMAT{90M TIME ZERD ORDER HALF OROER FIRST DKDER 372

] 70RDER 2NO Ci0ER  THIRD ORDER/I

1% FORMATIIO,3%,B11,4,3%,€E11,4,3X,E11.4,3%,E11.4,3%,E11.4,3%,E2244)

16 FORMATILH1L

18 FDRMATI15H END DF PROGRAM)
READ 1, NRUNS
0D 10 10=1,NRUNS
READ 4, N,N1,[CPOYIT),11m1,6)
READ 2,)TIMELII], 11ag,N]

! READ 2, 1A0TATJJY, JUs1,N)
READ 2,88 .
PRINT 3,N,[CPDIIT), T1m1,6])
PRINT 4
00 33 [1sy,N .

33 PRINT 5, TIME(I1), ADTA(iID)
1FIN1,EQ.01 GO TQ 34
CALL SLCFLAOTA,TIME,N)
PRINT 16

34 DD 20 )s2,N
XsADTA{1)=A0TAY]}

100 K14, 1]3A0TALTI/TIME(L]

112 K(2,})22.,¢)ADTAYT1#ADTALL)ADTA(I[en,S)/TINEIL]

110 K{3,1]=ALOGIAOTAYL}/ADTALL)i/TIMEL]]

132 K4, 1122,0)A0TAY ] 1waq2, 51aDTALL)nel = 5T1/TINELLL

120 K15, 1)ax/ITIMEIL)eADTA{1I»ADTALL})

130 KU6,1)=112,#A0TAY L)X eXeX) /(2,8 TIMEL]I®AOTA)LIoADTALL}0AOTAL])0AD
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STA(L)}
20 CONTINUE
3 CALL QFITIN,Ks )
- tF(IND.EQ.70) GD 1O ot
SRINTY 6,IND,AVG(J)
PRINT 5, ITIMEIMM],KIJ,MM), MM=i,N) 3
'FIN=7170,80,80 E
80 DD 90 JK=2,N _
XXV JK)=2K)J, JK)eTIME) JK) !
. 90 CDNTINUE |
1 CALL FITIAL,N,0,0,1,1,TIMEsXX,84,A5!
= PRINY 7, At)2)
d PRINT 16
GO 70 92
* 70 PRINT 8
Gd Y0 10
91 PRINY ¢
92 PRINT 14
PR}NT 15, 1TIMETT ) N11,00,Ki2, 1), K13, 21 oK14, 11, K(%,)).K(6,1),131,N)
IF(BD,EQ,0.) GD YO 1§
CALL SDRD)N,TIME,aDTa,B0(
1F(1ADYA)1)-BDY.EQ,0,) GD Tp 10
IFIELLE,0,0) SO _TO 10
CALL FITUAL,N,0,0,1,4,TIME,ReA4sAD)
PRINY 7, A1)2}
10 CONTINUE
TYPE 18
sTop
END

Ghcuseat sat e
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SFDRTRAN
SUBRDUT)NE SORD{N,YIME,AD1A,BO)
CCMMDN A1(8),A2120),A3120),A4120),A5)20(.IND,AVG,R(20(
COMMON E
DIMENSION TIM%120),ADTA{20)
4 FORMATIS5X)9HTIHEISZC),9%Xs8HVARIABLE/)
S FORMAT)4X,F8,2,10X,Ei1,4) '
225 FORMATILHO, 79HCALCULATION OF RATE FOR A REACTION FIRST ORDER N A
SAND B W)TH AN INITIAL B OF ,E10,4)
226 FDRMATISOMINITIAL A AND 8 ARE EQUAL ~ SRE SECDND ORDER RATES//)
227 FDRMATILHO,17HBO 1S LESS THAN X)
PRINT 225%,8D
DsBO=ADYAIL)
)F1D,E0,0,)G0 YD 221
PRINT 4
DD 220 )1a2,N
EsBO-ADTA(1)+ADTAL))
1F)E,LE,0,C) GO YD 230
RIT(s(1,/D)eALNGLIADTAILI®E)/)BO«ADTA(L)]))
ABRWRIT)I/TIME)))
PRINY 5,TIMELT),ABR
220 CDNTINYE
RETURN
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221 PRINT 226
RETURN
230 PRINT 227
3 RETURN
3 ENO

i I

&
Gl TR S T )

; SFORTRAN
1 SUBROUTINE OFITIN.K,J]
COMMON A1(81,A2(201,A3120],A41201,A51201,IND,AVG.RI20) .
COMMON E
DIMENSION K(6,20],SDEVI6IsAVG(6]
2 REAL K g
: DATA SDEV/6e0,/ . . 3
1 FORMAT(102HCONSIQERING THE ORQER WHICH GIVES TME LOWEST COEFFICIEN - “
1T OF VARIANCE AS THE BEST FIT, IT IS FOUND THAT//]
2 FORMAT[29HNITH 5 STANDARD DEVIATION OF +B11.4,1X,33HAND A COEFFICI
9ENT OF VAR[IANCE OF ,E11,4,20X, 131
PRINT 1
BeFLOATIN=1]
DO 30 Js1,6
VARsO,
SUM=0,
INDs®0O
DO 40 KKs2,N
40 SUMSSUMeK[J,KK1
AVGlJ)=SumM/B
00 50 KL=2,N
50 VARSVAR®[AVGIJI~KIJ,KLT]®(AVG{J])-KIJ,KLL])
SDEV{J18SQRTIVAR/B) s
i 30 CONTINUE : ;
VARSABS [SDEVI11/AVGI111] { ﬁ
00 60 LL=2,6 ;
IFLABS(SDEV(LLI/AVGILLI{,GT,VAR) 80 V0 60
VARSABS(SDEVILLI/AVGILL]L
JeLL ; 4
60 CONTINUE i
INOS [ J~11¢5
IFLIND EQ,251 [Ng=3¢ s
1F{ABSIVARI,GT,10.{ IND870 g
PRINT 2, SOEV(JI,VAR,IND
RETURN
ENO

SRR S N,

X

858

iR,

G b o ik Lo

G e L o T B i

SFORTRAN
SUBROUTINE SLCF(ADTA, TIME,N]
OIMENSION ADTAl201,T{ME(201
13 FORMATI1HO,49HUSING STRAIGHT LINE CURVE FITTING PROGRAM=RATE 18,1
3.£11,4,1X,17HANO [NTERCEPT IS ,E11.41 :
13 FORMAT[1HO,45HASSUMING FiRST ORDER KINETICS, THE RATES ARE /| 1
55 FORMAT[4X,F8.2,10X,E11,41 ;

56 FORMAT(22X)11He-c--cceace/?X,10HMEAN VALUE,5X,E11.4]
ANEFLOATIN-11

i gt TAMRPE* T e, a2t A e B o
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210

G i et e oy A e

XSu0,

SXx2s0,

Sxs0,

Sys0,

S?XIO.

SYXu0,

PRINT 13

DO 210 1=2,N
YoALOGLADTA[1])/ADTA(1)!
XuY/TIMELL) .
PRINT 55,TIMEL]),X
XSuXS+X
SX2aSX2¢TIMEL[I JeTIME(LL
SYXuSYXeYeTIME(]]
SYaSYey

SX»SX*TIMELI])
CONTINUE

SEXuSXeSX

AMEANSXS/AN
BOToANeSX2-52X

AR [AN®*SYXeSXeSY]/BOT
Bu[SX2¢SYeSXeSYX)/BOT
PRINT 56,AMEAN

PRINT 11,4A,B

RETURN

END
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]
: GIVEN THE FOLLOWING 20 DATA POINYS FOR
: CVEN 10e4 CN 8,549X10-4 35C
TimFtSEC) VARIABLE
' 0.00 0,1010E-04
: 1,60 0.9403£-05%
; 2.n0 0.8754E-05
3 3,00 0.8147E-0%
: 4,00 0.7629E+05
5,00 0,7127€+05
: 6,00 0,6615E-0%
k 7,00 0.6122E-05
1 8,00 0.5699E-05
; i 9,00 0.5304E-05
: 10,00 0,4932E-05%
11,00 0,4587E-05
12,00 0.4275%E-05%
13,00 0,3979E-05
14,00 0,3708g-05
! 15,00 0,3459E-0%
i 14,00 0.3225E+0%
17,00 0.3007E-0%
1R,00 0.2791E-05
19,00 0.2600E-05
3
5 ASSUMING FIRST ORDER KINETICS, THE RATES ARE
i 1,00 0 7190E-01
) 2,00 0.7171E-01
{ 3.00 0,7178E-01 @
4,00 0,7024E-01 :
! 5.00 0,6981E-01
! 4.00 0,7080E-01
i 7,00 0,7158E-01 i
R, 00 0,7158E-01 ;
i 9,00 0,7163E01 |
in,00 0,7172E-01 3
11.00 0.7179E-01 ;
i 12,00 0,716BE-0% |
; 13.00 0,7168E-01 %
14,00 0.7160E-01 .
3 15,00 0,7146E-01 é
. 14,00 0,7137E-0% i
1 17,00 0,7129€-01
1R, 00 0,7147E-01
19.00 0,7144E-01
: MEAN VALUE 0.7138E-01 :
2 USING STRAIGHT LINE CURVE FITTING PROGRAM<RATR IS 0,7158E-01 AND INTERCEPT 1S =0,1395E=02 a
3 | .
2 i ]
4 ! |
1 i
i
3 . K
i

P
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CONSIDERING TME GRDER WHICH GIVES THE LOWEST COEFFICIENT OF VARIANCE AS THE BEST F1Y, [T 1S FOUND THAT

:
|
|

i
]
l WITH A STANDARD DEVIATION OF 0,5436E«03 AND A COEFFICIENT OF VARIANCE OF 0,7587E=02 14
! THE DATA FITS A 10 ORDER OF RATE EQUATION GIVING A MEAN RATE OF 0,713BE-01 FROMe
} 0,00 0.0000E+00
| 1.00 0.7190E-01
?2.00 0.,7471E-03
{ 3.00 0.7476E5-01
! 4,n0 G.7024E-0t
3 ! %.00 0.6981E-01
3 i 6,00 0.7060E-01
- 7.00 0.7158E-01
: ° ®,00 0.7158E-01
i 9.00 0.716%E~01
! 10,00 0.7172€-01
; ] 11,00 0,7179E+01
k 12.00 0.7168E-0¢
g 13,00 0.7168E<02
- 14,00 0,7160E-0¢
: 15,00 0.7146E-01
3 14,00 0.7¢37€-01 E
17,00 0.7429E~01 ]
1 18,00 0.7147E=-02 i
E 19,00 0.7144E-01 ;
g ! APPLYING o LEAST SQUARES CURVE FIT TD THIS DATA 1
| THE RATE IS 0,71560F=01

e i

b
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T1ME IERO OROER HALF OROER FIRST GRDER 3/2 ORUER 2ND OROER THIRD ORDER
- i 0 0,0000E+00 0,0000E+00 04,0000E+00 0.0000E¢00 0,0000E+00 9,0000E+00
k i 1 0,9403E°05  =0,6133E-02 047190E-C1 0,2303E+02 0,7378E+04 0,7575E+(00
1 ! 2 0,4377E=05  =0,2959E=02 0,7171E~01 0,2339E+02 0,7631E+04 0,8135c+09
3 | 3 9,2716E=05  «0,1903E=0N2 0,7176E-01 0,2384E+02 0,7925E+04 0,8785E+09 2
B ! 4 0,2907E=05 »0,1381E-02 0,7024E01 0,2373E+02 0,8027E+04 0,9233E+09 g
: 5 001425E=05  =0,1068E=02 0.6981E-p1 042399E+p2 0.8263E+04 0,9892E+LY
3 6 0,1102E-05  »0,8573E-03 0:7060E=n1 0:2474E+02 0,8700E+04 0¢1088F+10 -
- 7 0,8746E°06  *0,7069E=03 0¢7158E-01 0,2559E+02 0:9196E+04 041206E+10
: 8 047124E*06  =0,5968g=03 0,7158E-01 0:2607E+02 0,9562E+04 0:1312E+10
9 9 0.5893E=06 ~»0,5118E+03 0.7161E=01 0,26%8E+02 0,9952E+04 0,1431E+10
: 10 0,4932E=06  =0,4442E+03 0,7172E%01 0,2714E+02 0,1038E+05 0,1566E+10 3
- 11 0,4170E°06  =0,3894E03 0.7179E.01 0,2769E+n2 0,1082E+05% N,1715E+10 g
3 ! 12 0,3562E=06 =0,3446E-03 0,7168E-01 0,2818E+02 0,1125E+05 0,1872E+10 3
3 13 0,3061F=06  =0,3069E-03 0,7168E=01 0,2873E+n2 0.1172E+05 0,2053E+10
3 14 0,2649E%06  =0,2751E~03 0,7160E=01 0,2925€+02 0,1219E+05 0,2248E+10 y
‘ ; 15 0,2306E=06 »0,2480E-03 0,7146E-01 0,2974E+02 0,1263E+05 0,2459E+10
i 16 0,2016E06  =0,2245E-03 0,7437E-01 0,3028E+02 0.1319E+05 0,2699E+10
: 17 0,1769E»06  =0,2040E=03 0,7129E=01 0,3083E+02 0,1374E+05 0,2965E+19
3 18 0,1551E°06 =0,1856E-n3 0.7147E-01 0:3155F«02 0.1441E+05% 0,3294E+10
3 i 19 0,136BE=06  ~=0,1697E-03 0:7144E-01 043217E+02 0:1503E%05 0:3635E+10
CALCULATION OF RATE FOR A REACTION FIRST ORDER IN A AND B WITH AN INITIAL B OF 0,8549E=03
TIME(SEC) VARIABLE
1,00 0.8414E«02
2,00 0.8395E+0”
3,00 0,8404Ee02
4,00 0.8229E+0?
5,00 0.8181E«D2
| 6,00 0,8276E+0?
7,00 0.8394E+02
B,00 0,8397E+02
9,00 0.8402E+0”
i 10,00 0,8418E«02
11,00 0,8428E+02
X 12,00 0.8417E+02
13,00 0.8420E+02
14,00 0.8412E+02
15,00 0.8398E+02
16,00 0.8389E+02
17,00 0.8381E02
18,00 £.8404Ee02 i
19,00 0.8402E+02 b

APPLYING A LEAST SOUARES CURVE FIT TO THIS DATA i
THE RATE IS 0,84170E«02
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THE PROGRAM FOR THE METHOD OF DIFFERENT IATION
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'TRAN
COMMON AL116),A2130),A3030),A41300,A51301
COMMON LOATA(301,LTIMEL331,SEL51,X130)
OIMENSION CPO;61,TIMEI301,AOTAL301,LSLOPEL30),LAOTAL30],SINI30;,CO
INCE30},SLOPEL3INT
REAL LSLOPE, LAOTA, LOATA, LTIME
EQUIVALENCEILOATA,LAOTAL
1 FORMAT((3,3X,6A5,4X,F5,2,151
2 ronMA7(4r20 41 ,
3 FORMAT(1M1,19HGIVEN THE FOLLCWINGs1Xs13,1%X,15HOATA POINTS FOR/8AS/

31

4 FORMAT{SX,9NT!MEISECT,9X,8HVARIABLE/]

s FORMATI1H1.9X.33HTHE F{T CLOEST TO THE DATA IS THEI

6 FORMAT[//38HTHE ODERIVATIVE OF THIS EQUATION GIVES /24X, 4HTINE, 11X,
65HSLOPE, X, 9HLOG SLOPE,6X, 12HLOG VARIABLE/]

7 FORMAT(21X .F10,4,5X,3(E11.4,5X(1

8 FORNMATI/40WFROM THIS THE onosn WITH RESPECT TO TIME/$3X,3HNT = ,E4
82,5//9X,9HNITK K 3 ,E12,5

9 roknAT(1u1.15uconstosntnq THE, 14,42H PREVIOUS RUNS TO CALCULATE TH
9E TRUE ORQER/9X, GHVAR!ABLE.9X.13HINITIAL SLOPE/|

10 FORMATI7X,E11,4,8%,E{1,4

11 ronn;r:/49urnon TH(S TNE o%oen WITH RESPECY TO CONCENTRATION/13X,5
tHNC = ,E12,5//9%X,9HNITH K » ,E12.51]

12 FORMAT1//52HTHE OATA INDICATES THE REACTION TO BE AUTOCATALYTIC,I

13 FORMAT[//4BHTME OATA INOICATES THE REACTION TO BE INWIRITEO,.)

14 FOPMAT(//18HTHE TRUE OROER {S +E12.51

15 FORMATUISX,F10.4,6%,E12,5]

16 FORMAT(30x,25HSEMILOGARITHMIC CURVE FIT//]

17 FORMAT(21X,2°MTHIS VARIABLE IS LE 0,///65H*eNOTE#« [F NC IS BEING
TCALCULATED FOR THIS SET, IT IS INCORRECT.|

18 FORMATI15H ENO OF PROGRAM{

THE OIFFERENTIAL ME?WOO OF REACTION OROER OETERMINATION USING A
BEST CURVE FIT FROM EITKIR INVERSE, EXPONENTIAL, POLYNOMIAL,OR
SEMILOGAR{THMIC GCURVE FITS,

REAQ 1, NCONC
DO 1000 IPsg,NCONC
REAQ 1.NRUNS
DTIU,U
0Q 1000 1Q=1,NRUNS
EAO 1, NPTS,(CPOLI1,laq,6),TH, INONC
REAQ 2,ITIME(I], [w1,NPTS]
REAO 2, 1AOTACII, (wg,NPTSI
PRINT 3, NPTS,ICPOIII, 1'1061
IF {NPTS,LT.51 GO TO 1§00
PRINT 4
DO 33 11s1,NPTS
IF1AOTACIIT,LE,0,01 GO TO 60
33 PRINTL5, TIMELIIL, Aova(fll
CALL INVYITIME,AOTA,NPTS,SLOPE(
CALL EXPCF[TIME,AOTA,NPTS,SLOPE]
CALL POLYNITIME,AOTA,NPTS,SLOPEI]
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50

20

40

60
1000

CALL SEMILG(TIME,ADTA,NPTS,SLOPE!
PRINT 5

Lsy

TESTeSE(L!

Do 30 1w2,4
(F{SE()1.GT.TZST) GO 10 50

Lel

TESTRSE((L

CONTINUE

IFLL,EQ, 2 CALL INVY[TIME,ADTA,NPTS,SLOPE(
IF(L,EQ,2( CALL EXPCFITIME,ADTA,NPTS,SLOPE)
IFIL,EQ,3) CALL POLYNITIHE,ADTA,NPTS,:SLOPE]
IF{L,EQ,4) PRINT 16
PRINT 6

DO 20 1sy,NPTS .
(FISLOPE1)).LY,0,1 SLOPEiItui-1,1¢5LOPE)])
LSLOPE())sALOGLO(SLOPE)] ()
LADTA{1)wALOGL0JADYALD YL
PRINT 7, TINEI1{,SLOPE!]
CONTINUE

CONCLI1O)uLADTA[YL)
SINIIGISLSLOPE(L)

CALL FITIAL,NPTS,1,0,1,1,LADTA.LSLOPE,A4,ASB)
ALl1)m10,00A111)

PRINT 8, A112),Ai11)

DTaDT+AL(2!] .

(FIINDNC,EQ,0) GO TO 1000

JFL1O.LT.31 GO ToO 1000

PRINTY, )0 ) .

PRINT 10, tconc)lt,SiNLI1, fu1,NRUNS)

CALL FITIAL,16,1,1, ,1,C0NC,SIN,Ad,AS]
AL(1(®10,veA1(1)

PRINT 11,A112),A1)1¢

DuA1)21-DT/FLOAT(IOL

JF{ABS(D),LT.0,1) GO TO 40

tFID.GT,0,) PRINT 12
JF{D,LT,0,] PRINT 13
Ds({AL[21«DT/FLOATIIOL)/2,
PRINT 14, D
DTe0,

GO TO 1000
PRINT 17
CONTINUE
TYPE 18
sTOP

END

1,LSLOPEIT),LADTALL!

SFORTRAN

30

REAL FUNCTION ERROR[ADTA, X,NPTS(
DIMENSION ADTA120),x{34)

VARIU.

DO 30 [wi,NPTS L
VARSVARSJADTA)I)aX)) 1)@ ADTA{  1-XL0T)
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ERROR®SQRTIVAR/FLOATINPTSII
RETURN

END

SFORTRAN

c

SUGROUTINE INVYITIME,ADTA,NPTS,SLOPE)
INVERSE CURVE FIT o
COMMON A176],A2(30),A3{30),A4(30],A%(30)
COMMON LOATAL30I,LTIMEISO).SEIS).XI30]
DIMENSION TIME[30),ADYA[301,SLOPE[30]
REAL LSLOPE, LADTA, LDATA, LTIME
EQUIVALENCE(LDATA,LAOTAL
1 FORMATI20NTHIS FITS CONC ® 1/[.,E11.4,3H ¢ ,E11,4,10H4 TIME] AND/66X
1,2Me2/11X,10NSLOPE 5 «{,E11,4,2H1],E11.4,3H ¢ ,E11.408H TIME]/])
2 FORMAT(//12X, ARTIME, 12Xy BHVARTABLE +8X,PHCALC, VARsSXs11HCALCs SLOP
2€/)
3 FORMATI10X, 4[E11,4,5X]]
4 FORMAT(///7716X,48F1 NVERSE FUNCTJON CURVE FI
4r/1
6 FORMAT(//SHSE & ,E12,51
00 10 Is1,NPTS
10 LDATAlll-i./AOTAtlI
CALL FITCAL,NPTS,0,9,1,2sTIHE,LOATAIAG,AS)
PRINT 4 .
PRINT 1, AL11)1,AL02),AT12),A8111,A212)
PRINT 2
> 00 20 Im1,NPTS
XI1)%1,/7(AL[21«AL]2]°TiMELIL])
SLOPE(J)weAL[2)/X 1) ]ev2
20 PRINT 3, TIMEII),AOTALE)sXI11,SLOPE]])
NaNPTS-2 .
SE{1)9ERROR[AOTA,X,N]
PRINT 6, SE[1)
RETURN
ENO

SFORTRAN

SUBROUTINE EXPCF[T[HE.ADTA.NPTS SLOPE)

€ EXPONENTIAL CURVE FI

COMMON Ai(bl.Azxso).A3l301.A4l301.A51301
COMMON LOATAt30),LTIMEL30),SELS5),Xt30])
0]~=NSJON TIHEI3DI.AOTA130I SLOPE]30)
REAI LDATA,LADTA
EQU{VALENCZ [LDATA,LADTA)
1 FORMATI////16X,39HE x P ONENT I AL CURVE FI1TI
2 FORMAT(//12X, 4HTJME, 12X, SHVARIABLE, 8X,9HCALC, VAR,5X,11HCALC, SLOP
2E/1
3 FORMATI(10X,4[E11,4,5X])
S FORMATI/27X,E11,4/14HTHE FIT GIVES ,E11.4,6H TIME //742X,1H1.E13,4,
55K o1, 1/13HAND SLOPE = [,E11,4,2H]1,E11.4,6H] TIME//)
6 FORMATL//SHSE 8 ,Fi12,5)
00 50 I®=1,NPTS

32

INVY

i S

sttt i QAT e, o

L AR

TP

s




LDATA(1)=ALOGL0(AOTAL)]))
IFITIME(!1,EQ,0. TIME(])=0,000001
LYIMETT)YALOGLO(TIMETL]IT]
50 CONTINUE
CALL FITIAL,NPTS,0,0,1,1,LTIME.LDATA,A4,AS1
PRINT 1
AL(11s1C,eoAl(L]
PRINT 5, A1(21,A11101,A212),A2111.A10(21
PRINY 2
00 20 1sL,NPTS
X()1)sAL(L)~TIME(D)*wAl(2)
SLOPE(1TaAg(110AL(2]eTIME( IwntAL(2])"1,]
20 PRINT 3, TIME(L]1,ADTALI],X(1},SLOPE(T]
NENPYS-2
SE(2]1®ERROR(ADTA, X,N"*
PRINT 6, 3Et2)
IF(YIME(31,E0,0.000001) TIME(1190,0
RETURN
END

SFORTRAN
SUBROI ([NE POL“N(TIME,ADTA,NPTS,SLOPE]
C POLYNOM)/ [ CURVE FIT
COMMON A1(6),A2130),A3(301,A4(30),A5(30)
COMMON LOATA(301,LYIMEI301,SE(5).X(30)
OIMENSION TIME(301,A0TAI301,SLOPE(30)
1 FORMAT(3BHTHE COEFFICIENTS OF THE POLYNOMIAL ARE/6(E12,5,3X1/)
2 FORMAT(//12X,4H4TIME, 12X, 8HVARI4BLE,BX,9HCALC: VAR,5X,11HCALC, SLOP
2E/1
3 FORMAT(10X,4(E11.4,5X))
4 FORMATI////16X,37THP QO L YN O M ] AL CURVE F 1 1/]
s FORMaT(1M0, 30X, ZBHPOLYNOHIAL CURVE rlr/z4x 26HCANNOT BE CARRIZO OU
5T N]tH,12,7H POINTS)
6 FORMAT(//SHSE s ,E12,51
IFINPTS,LE.6) GO YO 30
CALL FIT(AL,NPTS,0,0,3,3,TIME,AOTA,A4,4A%)
PRINT 4
PRINT 1, (AL(11, 1m1,4)
PRINY 2
DO 20 1=1,NPTS
YSTIME(])
X[{118A1(1)0A1(2]0YeAL(IIoYeaYoAL(4]eYaoTIoAL([5])eYeary
SLOPEITIn(AL(2]42,%A1l3)eYe3, ®AL(4)eYaYod ep1(5)ayeel]
20 PRINT 3, TIME()1,ADTALI])),X(11,SLOPE(T]}
NSNPTS-4
SE(318ERRQR(AOTA,X,N])
PRINT 6, SE(3)
RETURN
30 PRINT 5, NPTS
SEL3IsSEI21+SE(1)
RETURN
END
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SFORTRAN
SUBROVTINE SEM{LGIT(ME,ADTA,NPTS,SLOPE]
¢ SEM]LOG CURVE FI(T
COMMON AL(o0(,A2(30(,A3(30),A4130),A5(30)
COMMON LDATAL30),LTIME(30),8B(5]).X(30)
DIMENSION T(ME(30[.ADTA(30),SLOPR(30!
REAL LDATA,LADTA
EQUIVALENCE (LDATA,LADTA)
1 FORMATI///739%)1H(,E11,4,3H o ,811,4,84 TIME)/19HTHIS FI1TS CC € = 3
10,33%,26KAND SLOPE ® )2,303))CONC)),B11.4,1M1/1 -
2 FORMAT)//12X, SHTIME,12X,8HVARTABLE 8%, 9HCALC, VAR, SXs31HCALC, SLOP

i 2F/)
- i 3 FORMAT)I10X,4)E11,4,3%()

TR

4 FORMAT)////7/7/7168X,31HS EM 1 L O G CURVE P1T)
6 FORMATI//SHSE ® ,E12,53) .
DO 10 [(=g,NPTS
10 boArA;}I-ALocxotAorAtttl
ALL
PRINY 4
] PRINT 1, AL1(1],A1(2),A1(2)
3 I PRINT 2
| DO 20 I%1,NPTS
X{1)s10,00(A1)1)eAs(2)eTIMELL))
SLUPE([[)sAL(2)ex{[)*2,30259
20 PRINT 3, TIMEL(),ADTAL)),X11),SLOPE(])
NaNPTS-2
SE[4({8ERRORIADTA,X,N) SENILOG
PRINT 6, SE)4)
RETURN
END

TLAL,NPTS,0,0,101, TIME,LDATA,A4,AS)

AT . NSO 1 TR
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- GIVEN THE FOLLOWING 20 DATA POINTS FOR
3 CVCN 10e4 CN 8,%49x10-4 35C
E TIME(SEC) VARIABLE
1 0.0029 . 0.10100E=04
- 1,0000 0.,94030E-05% :
é 210”00 '0.875405-05 !
2 3,0000 " 0¢8Y470E=05
1 " 4,0000 08,76290E-(%
3 $,0000 0,74270E-05
3 6,0000 D166150E0% .
4 7.0000 Ds42220E-05%
% 8,0000 0,56990E-0%
: E 9,0000 04153040E-05
- 10,0000 0,49320E-05
11,0000 0,45870E-05
3 12,0000  0,42750E-05
13,0000 ' 0¢39790E - 05
4 14,0000 0437080E-05
- $5,0000 0,34590E-0%
16,0000 : 0,32250E-05
- 17,0000 10,30070E-05
- 18 0000 D427910E-05
3 19,0000 0,26000E=0%

B

T AT R P R o 4

_ INVERSE . FUNCTION CURVE FI17
THIS FITS CONC ® 1/ 0,7271E«05 * 0,1468E¢05 TIMED AND

.

-2

SLOPE ® «[ 0,1468E«05)}({ 0,7271E«05 ¢ 0.1468E«05 TiMg)
TIME VARIABLE CALC, VAR CALC, S$'.0PE
] 0,0000E«00 0,1010Ee04 0,1375E=04 ®0,7759E14
0,1000E+01 0,9403E+05 0,1144E<04 *0;1121E+15
3 0,2000E401 | 0,8754E=05 0.,9798E«05 *0,1529E¢15
E " E 0,3000E%01 1008147Ee05 0:8568E<05 “0,2000nE*15
"0,4000E+01 0,7629E-05 0:780YE=05 *0,2534E915
0,5000E+01 0,7127E=05 0684505 “0,3132E+15
. 0,6000E+01 0,6615E205 0,6220E=0% ©0;37¥3Ee15
! 0,7000E+01 ° 0.,6122E=05 0.,5700E-05 «0,4517E+15
i 0.8000E+01 0,5699E=05 0,5260E<05 ®0.,5304E15
© 0,9020Ee01 0,5304E«05 01,48R3E05 ©0,6155E+15
| 0.10p00E*p2 0,4932Ee0> 0.45%6E05 *0,7068E41%
0,1100E+02 ° 0,4587ge05 0,4271E=05 *0,8045c+15
i 0.1200Ee22 0,427%E<05 0,4019€905 *0,9NB5E15
0,1300E+02 0,3979E=05 0+3795E«05 *0,1N49E*16
| 0,1400E402 0,3708g«05 0,3595€-05 ©0,1136E+16
; 0,1500Ee42 0,3459E205 0,3415E<05 ©0.1759E+16
| 0,1600E+02 0.322%5E<05 0,3252E0% *0,138AE*16
| 0/1700E02 0+3007E«05 0,3104E=05 *0¢1523E216
| : 0.18p0E*02 0.2791E<05% 0.2969E<-05% ®0,16465E+18
: 0,1900E+02 0,2600E=05 042845E<05 *0,1814E+16 |
| . . SE T 0,10519E-05
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G o R T e A R T T

THE FIT QIVES 0,4945E.08 7

AT Y T I

o)

: €
£
é TIME VARIABLE CALC. VAR
0,1000E=05 0,1010E=04 0,9069E-09
: 0,1000E«01 0.9403E-05 0.4945E-05
i 0,2N00E* 01 0.8754E-05 0.7614E-05
! 0,3000E+01 0,8147E+05 0,9801E=-05
§ 0,4000E+01 047629€+05 0s2172E-04
i 0,5000E+01 0.7127E=0% 0.1347E-04
A 0,6000E+01 04 6615E705 0+1509E-04
i 0,7000E+01 0+6122E-05 0,1661E=04
, 0,8000E+01 0.5699E-0% 0.1803E-04
i 0,9000E«01 0.5304E=05 0,1943E-04
i 0,1000E+02 0,4932€-0°% 0+2075E=04
0,1100E+02 0.,4587E-05 0,2201E-04
f 0.1200E+02 0.4775E=05 0.2324E-04
H 9,1300E+02 0,3979E-05 0,2443E-04
4 0,1400E«02 0.3708E=05 0,2558E-04
i 0,1500£+02 0.3459E-0% 0,2670E-04
¥ 0,1600E+02 0.3225E-05 0.2780E~04
0,1700E+02 0,3007E=05 0,2887E-04
A 0,1800E«02 +2791E-05 042992E-04
0,1900Ee02 0,2600E=0% 0,3094E-04
i &
i H SE = 0,15528E-04
§
1
3
i FPOLYNOMIAL CURVE FIT
YME COEFFICIFNTS OF THE POLYNOMIAL ARE _
0,10087F-n4  =0,69B31E-06 0.20940E507  +0,25837E-09
TIME VARIABLE CALC. VAR
0,0000E+00 0,1010E-04 0,1009E-04
0,1000E+01 0,9403£-05 0,9410E-05
. 0.2000E+01 0.8754E-05 0,8772E~0%
A | 0.3000E*01 0,8147E-05 0,8474E=05
b ¢ 0,4000E+01 0,7629E-05 0,7613E~05
j i 0,5000E+01 0,7127€=05 0,7087E~05
3 i 0,6000E+01 0.,6615E=05 0,6596E-05
3 % 0,7000E«01 0.6122E-05 0.6137E-05
3 i 0,8000E«01 0,5699E+05 0,5709E-05
A 0,9000E+01 0,5304E-05 0,5310E-05
k- } 0,1000E+02 0,4932E-05 0,4940E-03
A 0,1100E%0? 0,4587E=05 0.4596E-05
. 0,1200E+02 0,4275E-05 0,4277E-05
3 0.1300E+02 0.3979E-0% 0.3981E-03

046278E+00
1L13

36

EXPONENTIAL CURVE FI17

{ 0,6228E400 =1,

AND SLOPE = { 0,4945E-05)( 0,622BE«+00) TIME

CALC, SLOPE

0.5648E=03
0,3079E=0%
0.2371E-05
0.,2035E-05
0.1825€-05
0,1678E-0%5
0.1567E»0%
0 .14755'05
0.1408E-05
0, 1344E-05
0,12926-05
0.,1746E-058
0.1206E-0%
0,1170E=05
0.1138E-03
0,1109E-0%
0.1082E-053
0,1058E-05
0'1035E’05
0.1014E=0%

CALC, SLOPE

*0,6983E006
»0,65725-06
“0.,6176E=06
«0,579AE=06
*0,5432E-06
*0,5083E~06
e0,4749E=06
-0.,4431E-08
o0 ,4129E=06
~0,3842E-06
*0,3920E-00
0 03-‘14E'06
'0'307‘E'06
~0.2B49E-08
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0,1400E+02
0,1500E+02
0,1600E02
0,1700E+02
0,1800E+02
0,1900E+02

SE & 0,15926E=07

0.3708E=05
0,3459E205
0.3225E~05
0,3007E505
0,2791E=05
0,2600E+05

0.,3706E-05
0,3452E~05
0,3217€=05
0,2998E~05
0,2796E=05
0,2607E-05

SEMILOG CYRVE F1vy

{=0,4995E401 ¢ »0,3108E~01 TIME]

THIS FITS CONC = 10

TIME

0,0000F+00
0,1000E+01
0,2000E*p1
0.3000E%01
0,4000E+01
0,5000E+01
0,6000E+01
0.7000E+01
0.8000E401
0,9000E+01
0,1000E*p2
0,1100E+02
0,1200E+02
0.1300E02
0,1400E02
0.1500Ep2
J.IOUUE‘OZ
0,1700E+02
0.1fp0E*02
0,1900E+02

SE &= 0,19311€-07

VAR] ABLE

UllﬂlOE'O‘
0,9403E=05
0.8754E=05
0.8147E<05%
047629E0S
0.7127E=05
0.6615E=05
0,6122E=05
0.5699E=05
0.5304E-05
0.,4932E-05
0,4587E=05
0.427%E=05
0.3979E-05
0.3708g=05
0.3459E=05
0.3725E-0%
0,3007E=05
0:2791E=05
0:2600E=05

AND SLOPE = {2,303)(CONCI[~0,3108E=01)

CALC. VAR

0:1011E~04
0,9416E=05
0.8766E-05
0151615'05
0,7597€=05
0.7073E-05
0.6584E=05
0.6430E~05
0.5766E=-0%
0.5312E-05
0.,4945E~05
0,4604E-05
0.4286E~05
0:3990E=p5
0,3744g-35
0:s3458E~05
0:3219E-05
0,2997€=05
0.2790E=05
0,2597E~05

37

*0,2639E~06
*0.,2445E-06
*0,2267E06
«0,2104E~06
*0,1956E=06
*0,1824E-06

CALC, SLOPE

'0172385'06
*0+6738E=06
*0,6272E~06
«0,5839E~06
*0,5436E=06
*0.5061E~06
*0.,4711E=0¢
*0,4386F=06
*0.4083E-06
*0,3801E=06
~0.3%939E-06
*0,3294E°06
*0.,3067E~0D6
©0,2855E«06
*0,2558E~06
~0,2474E=06
~0.2303E=p6
*0,2144E=06
~0.1998E=06
*0,1858E=06
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TR

THE FIY CLOEST TO YHE DAYA IS THE

POLYNOMTIAL

e

TYHE COEFFICIENTS OF THE POLYNOMIZL ARE

CURVE FIT

T L TR

3 0,100875-04  «0,69531E-06 0,20940E=07  «0,25837E=(9
[
; TIME VARIABLE CALC., VAR CALC, SLOPE
{ 0,0000E+00 0,1010E-04 0,1009E=04 =0,6983E-06 ]
3 i 0,1000E¢01 0,9403E05 0,9410E<05 =0,6572E-06
; 0,2000E+01 0,8754E05 9,8772€-05 *0,6176E=06
: g 0,3000Ee01 0,8147€<05 0,8174E05 *0.,5796E=06
3 y 0.,4000E+01 0.7629E-05 0.7613E-05 *0,5437E=Q6
3 0,5000E+01 0.7127E=05 0,7087€<05 =0,5083E=06
3 4 0,6000E+01 0,6615E°05 0.6596E<05 ©0.4749€-06
3 0,7000E+01 046122E05 016137E=05 *0,4431E=06
E { 0,8007E+Q1 0-5699E=05 0.5709E05 “0.4129E=06
3 i 0,9000E+01 0,5304E=05 015310E«05 =0,3842E=06
4 & 0,1000E02 0,4932E-05 0,4940E=05 *0,3570E-06
3 2 0,1100E¢02 0,4587E05 0,4598E=05 “0,3314E+06
3 i 0.1200E*Q2 0,4275E=05 0.4277E%05 *0,3n74E=06
3 H 0,1300E402 0.3979E-05 043981E=05 *0,2849E-06
3 § 0,1400E+02 0,3708E05 0,3706E=05 “0,2639E-06
£ 0,1500E402 0.3459E05 0,3452E=05 ©0,2445E06
0,1600C¢02 0,3225€-05 0,3717E=05 ©0.2787E=06
§ 0,1700E¢02 0,3007E=05 0,2998E05 *0,2104E+06
} 0,1800E¢0? 0,2791E<25 0.2796E-05 =0,1956E=06
5 0,1900E+02 0,2600E«05 0,2607E<05 =0,1824E~06
§
i SE = 0,15926Ee07
S
i YHE DERIVATIVE oF THIS EQUATION G]VES
¥ TIME SLOPE LOG SLOPE LOG VAR[ABLE
£ 0.0000 0,6983:=06 *0.1156E¢01 =0,4996E4+01
H 140000 0,6572E=qg0 =0:8182€%01 *0,5027E%01
H 2,0000 0,6176€=06 “0,6209E+01 =0,5058E¢01
; 3,0000 0.5796E=06 =0.6237E+01 ©0,5089E¢01
% 4,0000 0.5432E+06 “0,6265E¢ 01 =0.51168E¢01
2 5.0000 0.5083E=06 “0.6294E¢p1 ©0,5147E¢01
i 6,0000 0,4749E=06 <0.6323E¢01 ©0.5179E+03
7,0000 0,4431E=06 =0,6353E+01 =0,5213€+01
1 8.0000 0.4129E~06 “0.,6384E¢01 =0,5244E+01
§ 9.0000 0,3842E«06 *0.,6415E¢01 «0,5275E+01
¢ 10,0000 0.,3570E=06 =0,6447E+01 *0,5307E+01
H 11,0000 0,3314E-06 *0,6480E+01 *0,5336E+01
H 12,0000 0.3074E=06 “0.6512E¢01 *0.5369€401
i 13,0000 0,2849E=06 “0.,6545E€401 *0,5400E+01
H 14,0000 0,2639E=n4 *0.,6579E+01 *0,5431E+0%
] 15,0000 0.2445E-06 ©0,6612E¢01 *0,5461E¢01
16,0000 1,2267E=06 =0,6645E+09 =0,%4931E¢01
17,0000 0,2104€06 “0,6677E+01 =0,5522E+01
18,0000 0.19%56E=06 *0.6709E01 =0,5554E¢01
19,0000 0.1824E«Q6 ©0,6739E%01 *0,5385E¢02
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LEAST §g

NO, OBSERVATIONS
POLY, DEGREE

COEFFICIENTS

VARES PoLYNOHIAL

20
1

n =0,11412282E401
1 0.10012681E+01

ERR»SQD = 0,7205657E=03

FROM THIS THE ORDER ~1TH RESPECT TO T{ME
NT = 0,10013Ee01

WYTH K = 0,72239E~01

STD=ERR = 0,6327039€=02

CURVE

it

s e s ot
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oo e om

NN, [
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A ey

3
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LEAST S QUARES POLYN 1]
NO, OBSERVATIONS 3
PDLY, DEGREE 1
] 1
4 . COEFFICIENTS
0 =0,11593894E«02
1 «0,1098191y=e01
RESIDUAL SUMMARY
: POINT X-VALUE Y<VALUE
3 1 =0,49956786E«01 -0,61559521E¢01
: 2  =0,48099486E¢01 «0.63057008E«01
3 -0.50217738E°01 ~0,60366965E¢01
ERR-SQD = 0,4157040E«02 STDeERR
FROM THIS THE ODRDER WITH rResPECY TO CONCENTRATION
NC = 40,10982E«01
; WiTH K = 0,25475€-11
i
THE DATA INDICATFS THE REACTION TO BE INWIBITED.
THE TRUE ORDER 15 =..32182E-01
i
%
g '
§
§
g
]
;
¥
w hl

TR A

MIAL CURVE F17

YaCALC YoDIFF
~0,61076799E01 -0,48272178E-01
©0,63116471E404 0,59463233E-02
«0,60790224E+01 0,42325854E-01

x 0,6447511E-01
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